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secured to a floating vessel for detecting near surface geology
formations. The method can use in-water sensors deployed
proximate to the wire near the tow lines, and a processor with
data storage in communication with the in-water sensors. The
method can use adata array, a library of data formats, a library
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information, veritying filtered signals, constructing and
moditying a mathematical model, obtaining a list of coordi-
nates, constructing a real-time display of the wire, identifying
a location of at least one streamer, transmitting alarms, cre-
ating a trend analysis over time and event-by-event, and cre-
ating a log file using the industry standard data formats.
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FIGURE 6A

DATA STORAGE 34

LIBRARY OF NOMINAL VALUES FOR THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL || -35
COEFFICIENTS

NOMINAL VALUES 37

[ LIBRARY OF KNOWN DISTANCES ALONG THEWIRE /99

AT LEAST ONE DISTANCE {139

DISTANCES TO EACH FIRST IN-WATER SENSOR {140

DISTANCES TO EACH SECOND IN-WATER SENSOR 42

DISTANCES TO EACH NODE OF THE PLURALITY OF NODES sH

DISTANCES TO DESIRED LOCATIONS ALONG THE WIRE {46

LIBRARY OF PRESET LIMITS | 48

PRESET LIMITS a0

COMPUTER INSTRUCTIONS FOR INSTRUCTING THE PROCESSOR TO RECEIVE
SENSOR INFORMATION FROM EACH FIRST IN-WATER SENSOR AND EACH SECOND {1V 92
IN-WATER SENSOR

SENSOR INFORMATION o4

TIME STAMP 142
—_ ANAzmutH = Rjsd0a
— PROJECTEDCOORDNATES ML

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO USE THE PROJECTED
COORDINATES FROM THE FIRST IN-WATER SENSORS TO COMPUTE A BEARING
BETWEEN THE FIRST IN-WATER SENSORS, AND THEN T0 USE THE BEARING WITH || -5p
THE SENSOR INFORMATION AND A FIRST ROTATION ALGORITHM TO REORIENT THE
PROJECTED COORDINATES OF ALL OF THE FIRST IN-WATER SENSORS T0 LOCAL X-Y
COORDINATES, FORMING A LOCAL X-Y COORDINATE SYSTEM

BEARING | 96

FIRST ROTATION ALGORITHM | r60a

SECOND ROTATION ALGORITHM | 600

THIRD ROTATION ALGORITHM 1 r60c

LOCAL X-Y COORDINATE SYSTEM | 64
locaxvcooromATEs LUt
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FIGURE 6B
\/\ Cr34

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO ROTATE THE

AZIMUTH TANGENTIAL T0 THE WIRE FROM EACH SECOND IN-WATER SENSOR USING || -66
THE BEARING AND THE SECOND ROTATION ALGORITHM TO REORIENT ALL

AZIMUTHS TANGENTIAL TO THE WIRE INTO THE LOCAL X-Y COORDINATE SYSTEM

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR T0O CONSTRUCGT A THIRD,
FOURTH, OR FIFTH ORDER POLYNOMIAL ALGORITHM OF THE WIRE IN REAL-TIME
USING: NOMINAL VALUES FROM THE LIBRARY OF NOMINAL VALUES FOR THIRD,
FOURTH, OR FIFTH ORDER POLYNOMIAL COEFFICIENTS, THE LOCAL X-Y
COORDINATES OF THE FIRST IN-WATER SENSORS, AND AT LEAST ONE DISTANCE
ALONG THE WIRE FROM THE LIBRARY OF KNOWN DISTANCES ALONG THE WIRE

THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL ALGORITHM r72

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO COMPUTE AN
AZIMUTH TANGENTIAL TO THE WIRE AT EACH SECOND IN-WATER SENSOR USING |74
THE THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL ALGORITHM

COMPUTED AZIMUTH 1 r30b

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO COMPUTE A
DIFFERENCE BETWEEN THE COMPUTED AZIMUTH TANGENTIAL TO THE WIRE WITH |70
THE REORIENTED AZIMUTHS TANGENTIAL TO THE WIRE TO FORM A RESIDUAL

RESIDUAL {78

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO USE THE RESIDUAL
WITH A LEAST SQUARES TECHNIQUE TO UPDATE THE LIBRARY OF NOMINAL VALUES |80
FOR THIRD. FOURTH, OR FIFTH ORDER POLYNOMIAL COEFFICIENTS

LINEAR LEAST SQUARES TECHNIQUE r82

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO CONSTRUCT AN
UPDATED THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL ALGORITHM OF THE WIRE
USING: UPDATED NOMINAL VALUES FROM THE UPDATED LIBRARY OF NOMINAL VALUES || -84
FOR THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL COEFFICIENTS, THE LOCAL X-Y
COORDINATES OF THE FIRST IN-WATER SENSORS, AND AT LEAST ONE DISTANCE ALONG
THE WIRE FROM THE LIBRARY OF KNOWN DISTANCES ALONG THE WIRE

[ UPDATED THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL ALGORITHM |

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO COMPUTE AN 88
UPDATED AZIMUTH TANGENTIAL TO THE WIRE AT EACH SECOND IN-WATER SENSOR

UPDATED AZIMUTH 130¢
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FIGURE 6C
— %

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO COMPUTE AN
UPDATED DIFFERENCE BETWEEN THE COMPUTED UPDATED AZIMUTH TANGENTIAL
T0 THE WIRE AND THE REORIENTED AZIMUTHS TANGENTIAL TO THE WIRE UNTIL |90
THE RESIDUAL IS WITHIN ONE OF THE PRESET LIMITS FROM THE LIBRARY OF

PRESET LIMITS

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO CALCULATE A PAIR
OF LOCAL X-Y COORDINATES FOR AT LEAST ONE OF THE PLURALITY OF NODES ON {1792

THE WIRE
CALCULATED LOCAL X-Y COORDINATE }_r63a
CALCULATED LOCAL X-Y COORDINATE pb‘é‘b

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR T0O USE THE BEARING
AND THE THIRD ROTATION ALGORITHM TO ROTATE THE PAIR OF LOCAL X-Y
COORDINATES FOR AT LEAST ONE OF THE PLURALITY OF NODES ON THE WIRE |93
FROM THE LOCAL X-Y COORDINATE SYSTEM TO THE PROJECTED COORDINATE
SYSTEM

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO CONSTRUCT A 112
REAL-TIME DISPLAY OF THE WIRE

COMPUTER INSTRUCTIONS T0 INSTRUCT THE PROCESSOR TO IDENTIFY A LOCATION || ~122
OF THE AT LEAST ONE STREAMER IN REAL-TIME USING THE REAL-TIME DISPLAY

LOCATION OF THE AT LEAST ONE STREAMER |-f124

COMPUTER INSTRUCTIONS TO INSTRUCGT THE PROCESSOR TO TRANSMIT AN

ALARM WHEN THE LOCATION OF THE AT LEAST ONE STREAMER MOVES OUTSIDE OF || 126
ONE OF THE PRESET LIMITS IN THE LIBRARY OF PRESET ASSOCIATED WITH ONE OF
THE PLURALITY OF NODES

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO CREATE A TREND
ANALYSIS OVER TIME USING THE THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL |1 730
ALGORITHM

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO CREATE A TREND
ANALYSIS EVENT-BY-EVENT USING THE THIRD, FOURTH, OR FIFTH ORDER 134
POLYNOMIAL ALGORITHM

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO CREATE A LOG FILE
CONTAINING THE LOCAL X-Y COORDINATES, THE PROJECTED COORDINATES OF THE ||/ 138
PROJECTED COORDINATE SYSTEM, OR COMBINATIONS THEREOF
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COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO PROCESS IN
REAL-TIME AS THE FLOATING VESSEL TRAVERSES OVER A NEAR SURFACE 144
GEOLOGICAL FORMATION

COMPUTER INSTRUCTIONS TO INSTRUCT THE PROCESSOR TO PROCESS AFTER
THE FLOATING VESSEL HAS ACQUIRED INFORMATION FROM ALL OF THE FIRST 146
IN-WATER SENSORS AND ALL OF THE SECOND IN-WATER SENSORS

COMPUTER INSTRUCTIONS TO IDENTIFY A LOCATION OF THE AT LEAST ONE 148
HYDROPHONE IN REAL-TIME USING THE REAL-TIME DISPLAY

COMPUTER INSTRUCTIONS TO TRANSMIT AN ALARM WHEN THE LOCATION OF THE
AT LEAST ONE HYDROPHONE MOVES OUTSIDE OF ONE OF THE PRESET LIMITS IN THE L1590
LIBRARY OF PRESET LIMITS ASSOCIATED WITH ONE OF THE PLURALITY OF NODES

COMPUTER INSTRUCTIONS TO FORM A LIBRARY OF NOMINAL VALUES FOR THIRD, || -152
FOURTH, OR FIFTH ORDER POLYNOMIAL COEFFICIENTS

COMPUTER INSTRUCTIONS TO FORM A LIBRARY OF KNOWN DISTANCES ALONG 154

THE WIRE
COMPUTER INSTRUCTIONS TO FORM A LIBRARY OF PRESET LIMITS COMPRISING 156
PRESET LIMITS
COMPUTER INSTRUCTIONS TO USE THE WATER DEPTH FOR EACH OF THE 160

PLURALITY OF NODES TO MODIFY THE LIBRARY OF KNOWN DISTANCES
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FIGURE 7A

SECURING TWO SEPARATED TOW LINES TO A FLOATING VESSEL 700
DEPLOYING THE WIRE BETWEEN THE TWO SEPARATED TOW LINES 702

INSTALLING AT LEAST A PAIR OF FIRST IN-WATER SENSORS ON THE WIRE AND 703
POSITIONING EACH FIRST IN-WATER SENSOR PROXIMATE TO AN END OF THE WIRE

EMBEDDING ONE OR MORE FIRST IN-WATER SENSORS IN THE WIRE, POSITIONING
ONE OR MORE FIRST IN-WATER SENSORS ADJACENT ONE OF THE PLURALITY OF
NODES, POSITIONING ONE OR MORE FIRST IN-WATER SENSORS PROXIMATE TO THE |~ 704
WIRE, POSITIONING ONE OR MORE FIRST IN-WATER SENSORS ON A BUOY TOWED
FROM THE WIRE, OR COMBINATIONS THEREOF

DETERMINING AN ABSOLUTE POSITION FOR EACH IN-WATER SENSOR AND EACH OF
THE PLURALITY OF NODES, OR DETERMINING A SPECIFIC DISTANCE ON THE WIRE 705
USING GLOBAL POSITIONING SYSTEM SENSORS, LASER SENSORS, ACOUSTIC
SENSORS, OR COMBINATIONS THEREOF AS THE FIRST IN-WATER SENSORS

USING THE PAIR OF FIRST IN-WATER SENSORS TO COLLECT AND TRANSMIT FIRST 706
SENSOR INFORMATION TO A PROCESSOR IN COMMUNICATION WITH A DATA STORAGE

USING THE PROCESSOR AND THE FIRST SENSOR INFORMATION TO DETERMINE 707
PROJECTED COORDINATES FOR A POSITION ON THE WIRE

COMPUTING THE PROJECTED COORDINATES IN REAL-TIME AS THE FLOATING 708
VESSEL TRAVERSES OVER A NEAR SURFACE GEOLOGICAL FORMATION

INSTALLING AT LEAST A PAIR OF SECOND IN-WATER SENSORS ON THE WIRE BY
EMBEDDING THE SECOND IN-WATER SENSORS IN THE WIRE, ATTACHING THE 709
SECOND IN-WATER SENSORS TO THE WIRE, OR COMBINATIONS THEREOF

USING THE SECOND IN-WATER SENSORS TO COLLECT AND TRANSMIT SECOND | 710
SENSOR INFORMATION TO THE PROCESSOR

RECEIVING A TIME STAMP WITH THE SENSOR INFORMATION 711

USING THE PROCESSOR, THE SECOND SENSOR INFORMATION, AND AN ALGORITHM
FOR COMPUTING AZIMUTH TANGENTS TO COMPUTE A FIRST AZIMUTH TANGENTIAL | 712
TO THE WIRE FOR EACH SECOND IN-WATER SENSOR

LOADING A LIBRARY OF NOMINAL VALUES FOR THIRD, FOURTH, OR FIFTH ORDER
POLYNOMIAL COEFFICIENTS, A LIBRARY OF KNOWN DISTANCES ALONG THE WIRE, 713
AND A LIBRARY OF PRESET LIMITS INTO THE DATA STORAGE
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FIGURE 7B R

USING THE PROJECTED COORDINATES FROM THE FIRST IN-WATER SENSORS AND
A BEARING EQUATION TO COMPUTE A BEARING BETWEEN THE FIRST IN-WATER |S 714
SENSORS

USING THE BEARING, THE FIRST SENSOR INFORMATION, THE SECOND SENSOR
INFORMATION, AND A FIRST ROTATION ALGORITHM TO REORIENT THE PROJECTED | 715
COORDINATES OF THE FIRST IN-WATER SENSORS T0 LOCAL X-Y COORDINATES,
FORMING A LOCAL X-Y COORDINATE SYSTEM

USING A SECOND ROTATION ALGORITHM AND THE BEARING TO ROTATE THE
AZIMUTHS TANGENTIAL TO THE WIRE FROM THE SECOND IN-WATER SENSORS T0 716
REORIENTED AZIMUTHS TANGENTIAL TO THE WIRE INTO THE LOCAL X-Y
COORDINATE SYSTEM

CONSTRUCTING A THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL ALGORITHM OF
THE WIRE IN REAL-TIME USING: NOMINAL VALUES, THE LOCAL X-Y COORDINATES | 717
OF THE FIRST IN-WATER SENSORS, AND AT LEAST ONE DISTANCE ALONG THE WIRE

COMPUTING A SECOND AZIMUTH TANGENTIAL TO THE WIRE AT EACH SECOND
IN-WATER SENSOR USING THE THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL 718
ALGORITHM

COMPUTING A DIFFERENCE BETWEEN THE COMPUTED SECOND AZIMUTHS
TANGENTIAL TO THE WIRE WITH THE REORIENTED AZIMUTHS TANGENTIAL TO THE 719
WIRE, THEREBY FORMING A RESIDUAL

USING THE RESIDUAL WITH A LEAST SQUARES TECHNIQUE TO UPDATE THE
LIBRARY OF NOMINAL VALUES FOR THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL |70
COEFFICIENTS

CONSTRUCTING AN UPDATED THIRD, FOURTH, OR FIFTH ORDER POLYNOMIAL
ALGORITHM OF THE WIRE USING: UPDATED NOMINAL VALUES, THE LOCAL X-Y 721

COORDINATES OF THE FIRST IN-WATER SENSORS, AND AT LEAST ONE DISTANCE
ALONG THE WIRE

COMPUTING AN UPDATED AZIMUTH TANGENTIAL TO THE WIRE AT EACH SECOND 722
IN-WATER SENSOR

COMPUTING AN UPDATED DIFFERENCE BETWEEN THE COMPUTED SECOND
AZIMUTHS TANGENTIAL TO THE WIRE WITH THE REORIENTED AZIMUTHS /23
TANGENTIAL TO THE WIRE UNTIL THE RESIDUAL IS WITHIN A PRESET LIMIT
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FIGURE 7C B

CALCULATING A PAIR OF LOCAL X-Y COORDINATES FOR AT LEAST ONE OF THE 794
PLURALITY OF NODES ON THE WIRE

USING THE BEARING AND A THIRD ROTATION ALGORITHM TO ROTATE THE PAIR OF
LOCAL X-Y COORDINATES FROM THE LOCAL X-Y COORDINATE SYSTEM T0 THE 725
PROJECTED X, Y COORDINATE SYSTEM

INSTALLING A THIRD IN-WATER SENSOR AS A DEPTH SENSOR ON: EACH OF THE
PLURALITY OF NODES, EACH OF THE FIRST IN-WATER SENSORS, AND EACH OF THE |->726
SECOND IN-WATER SENSORS

PROVIDING COMMUNICATION BETWEEN EACH THIRD IN-WATER SENSOR AND THE 727
PROCESSOR

TRANSMITTING A WATER DEPTH TO THE PROCESSOR FROM EACH THIRD IN-WATER
SENSOR FOR EACH OF THE PLURALITY OF NODES, EACH OF THE FIRST IN-WATER |-728
SENSORS. AND EACH OF THE SECOND IN-WATER SENSORS

USING THE WATER DEPTHS FOR EACH OF THE PLURALITY OF NODES T0 MODIFY 720
THE LIBRARY OF KNOWN DISTANCES ALONG THE WIRE

CONNECTING THE PROCESSOR WITH A NETWORK FOR COMMUNICATION TO A 730
CLIENT DEVICE REMOTE TO THE PROCESSOR

CONSTRUCTING A REAL-TIME DISPLAY OF THE WIRE THAT IS UPDATED AT LEAST 731
EVERY ONE MINUTE

ATTACHING AT LEAST ONE STREAMER TO AT LEAST ONE OF THE PLURALITY OF
NODES FOR COLLECTING SEISMIC DATA OF THE NEAR SURFACE GEOLOGICAL 732
FORMATION

IDENTIFYING A LOCATION OF THE AT LEAST ONE STREAMER IN-REAL TIME USING
THE REAL-TIME DISPLAY, AND TRANSMITTING AN ALARM WHEN THE LOCATION OF 733

THE AT LEAST ONE STREAMER MOVES OUTSIDE OF THE PRESET LIMITS
ASSOCIATED WITH ONE OF THE PLURALITY OF NODES

CONNECTING AT LEAST ONE HYDROPHONE TO AT LEAST ONE OF THE PLURALITY OF
NODES FOR COLLECTING SEISMIC DATA OF THE NEAR SURFACE GEOLOGICAL 734
FORMATION

CREATING A TREND ANALYSIS OVER TIME USING THE THIRD, FOURTH, OR FIFTH 735
ORDER POLYNOMIAL ALGORITHM
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CREATING A TREND ANALYSIS EVENT BY EVENT USING THE THIRD, FOURTH, OR 736
FIFTH ORDER POLYNOMIAL ALGORITHM
CREATING A LOG FILE CONTAINING THE LOCAL X-Y COORDINATES, THE PROJECTED
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METHOD FOR POSITIONING A WIRE USING
SENSOR INFORMATION

FIELD

The present embodiments generally relate to a method for

determining projected coordinates 1n a projected coordinate
system for at least one node on a wire.

BACKGROUND

A need exists for an improved seismic positioning method
for positioning wires pulled from a floating vessel over a near

surface geological formation.
The present embodiments meet these needs.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description will be better understood 1n con-
junction with the accompanying drawings as follows:

FIG. 1 depicts a wire being towed from a floating vessel.

FIGS. 2A-2B depict local coordinates on a local coordinate
system and projected coordinates on a projected coordinate
system.

FIGS. 3A-3B depict embodiments of a trend analysis over
time and a trend analysis event-by-event.

FI1G. 4 depicts an embodiment of a log file.

FIG. 5 depicts an embodiment of a portion of a real-time
display.

FIGS. 6 A-6D depict an embodiment of a data storage.

FIGS. 7A-7D depict an embodiment of the method.

The present embodiments are detailed below with refer-
ence to the listed Figures.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(Ll

Before explaining the present method 1n detail, 1t 1s to be
understood that the method 1s not limited to the particular
embodiments and that i1t can be practiced or carried out 1n
various ways.

The present embodiments relate to a method for determin-
ing projected coordinates 1n a projected coordinate system for
at least one node on a wire having a plurality of nodes.

The method can 1nclude securing two separated tow lines
to a floating vessel, such as using cleats on the floating vessel
or any suitable connector. Each tow line can have a diverter on
one end.

The method can include deploying the wire between the
two separated tow lines. For example, the wire can be con-
nected at each end to the diverter of each tow line. The method
can include mnstalling at least a pair of first in-water sensors on
the wire. Each first in-water sensor can be positioned proxi-
mate to an end of the wire.

Each first in-water sensor can be a sensor embedded in the
wire, a sensor positioned adjacent one of the plurality of
nodes on the wire, a sensor proximate to the wire, a sensor on
a buoy towed from the wire, or combinations thereof.

The method can include using the pair of first in-water
sensors to collect and transmit first sensor information to a
processor 1n commumnication with a data storage.

The method can include using the processor and the sensor
information to determine projected coordinates for a position
on the wire. For example, the sensor mformation can be
global positioning system sensor information and compass
heading information that can be used to determine projected
coordinates.
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2

The method can include 1nstalling at least a pair of second
in-water sensors on the wire. Each second in-water sensor can
be a sensor embedded 1n the wire, a sensor attached to the
wire, or combinations thereof.

The method can include using the second in-water sensors
to collect and transmit second sensor mnformation to the pro-
CESSOL.

The method can include using the processor, the second
sensor information, and an algorithm for computing azimuths
tangential to the wire to compute a first azimuth tangential to
the wire for each second n-water sensor. The algorithm for
computing azimuths tangential to the wire can be a third,

tourth, and/or fifth order polynomaial algorithm.

Themethod can include loading a library of nominal values
for third, fourth, and/or fifth order polynomial coelficients, a
library of known distances along the wire, and a library of
preset limits 1into the data storage.

The method can include using the projected coordinates
from the first in-water sensors and a bearing equation to
compute a bearing between the first in-water sensors.

The method can include using the bearing, the first sensor
information, the second sensor information, and a first rota-
tion algorithm to reorient the projected coordinates of the first
in-water sensors to local x-y coordinates, thereby forming a
local x-y coordinate system.

The method can include using the rotation algorithm and
the bearing to rotate the azimuths tangential to the wire from
the second 1n-water sensors to reoriented azimuths tangential
to the wire of the second mn-water sensors 1nto the local x-y
coordinate system.

The method can include constructing the third, fourth,
and/or fifth order polynomial algorithm of the wire 1n real-
time using nominal values from the library of nominal values
for the third, fourth, and/or fifth order polynomial coeifi-
cients, the local x-y coordinates of the first in-water sensors,
and at least one distance along the wire from the library of
known distances along the wire.

The method can include computing a second azimuth tan-
gential to the wire at each second mn-water sensor using the
third, fourth, and/or fifth order polynomial algorithm.

The method can 1include computing a difference between
the computed second azimuths tangential to the wire with the
reoriented azimuths tangential to the wire to form a residual.

The method can 1nclude using the residual with a least
squares techmique to update the library of nominal values for
third, fourth, and/or fifth order polynomial coefficients.

The method can include constructing an updated third,
fourth, and/or fifth order polynomial algorithm of the wire
using updated nominal values from the library of nominal
values for third, fourth, and/or fifth order polynomial coetii-
cients, the local x-y coordinates of the first in-water sensors,
and at least one distance along the wire from the library of
known distances along the wire.

The method can include computing an updated azimuth
tangential to the wire at each second in-water sensor using the
updated third, fourth, and/or fifth order polynomial algo-
rithm.

The method can include computing an updated difference
between the computed second azimuths tangential to the wire
with the reoriented azimuths tangential to the wire until the
residual 1s within a preset limit of the library of preset limits.

The method can include calculating a pair of local x-y
coordinates for at least one of the plurality of nodes on the
wire.

The method can include using the bearing and the third,
tourth, and/or fifth order polynomial algorithm to rotate the
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pair of local x-y coordinates from the local x-y coordinate
system to the projected x-y coordinate system.

The computer implemented method can 1include mnstalling
depth sensors to 1dentily a water depth for each of the plural-
ity of nodes or for each m-water sensor on the wire, and
transmitting water depth sensor information from the depth

sensors to the processor for use 1 forming the projected
coordinates.

The computer implemented method can include determin-
ing an absolute position for each in-water sensor, each of the
plurality of nodes, or determining a specific distance on the
wire using global positioning system sensors, laser sensors,
acoustic sensors, or combinations thereof.

The computer implemented method can include connect-
ing the processor with a network for communication to a
client device remote to the processor, allowing for remote
monitoring. The client device can be a mobile phone, a com-
puter, a laptop, a tablet computer or a similar device.

The computer implemented method can include comput-
ing the projected coordinates 1n real-time as the floating ves-
sel traverses over a near surface geological formation.

The computer implemented method can include construct-
ing areal-time display of the wire that 1s updated at least every
one minute. The real-time display can be constructed using
the computer instructions described below.

The computer implemented method can mclude 1dentify-
ing a location of at least one streamer on at least one of the
plurality of nodes in-real time using the real-time display, and
transmitting an alarm when the location of the at least one
streamer moves outside of the preset limits associated with
one of the plurality of nodes.

In one or more embodiments, the wire can include at least
one streamer connected to at least one of the plurality of nodes
tor collecting seismic data of near surface geological forma-
tions.

In one or more embodiments, the wire can include at least
one hydrophone connected to at least one of the plurality of
nodes for collecting seismic data of a near surface geological
formation.

The computer implemented method can include creating a
trend analysis over time using the third, fourth, and/or fifth
order polynomial algorithm. The trend analysis over time can
be created using the computer instructions described herein.

The computer implemented method can include creating a
trend analysis event-by-event using the third, fourth, and/or
fifth order polynomial algorithm. The trend analysis event-
by-event can be created using the computer instructions
described herein.

The computer implemented method can include creating a
log file contaiming the local x-y coordinates, the projected
coordinates of the projected x-y coordinate system, or com-
binations thereof.

The computer implemented method can include receiving
with the sensor information a time stamp associated with a
specific sensor measurement taken by the in-water sensors.

One or more embodiments relate to a system that can be
used to implement one or more embodiments of the method.
The system can be a computer implemented system. A pro-
cessor can use computer instructions and other data stored 1n
a data storage to perform one or more portions of the method.

The system can be used to position equipment used to
detectnear surface geology formations during high resolution
marine geophysical surveying.

The wire can be secured to two separated tow lines that are
both secured to a floating vessel. For example, each tow line
can have a diverter attached thereto opposite the tloating
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vessel, and the wire can be secured to the diverters. The wire
can form a curve. The floating vessel can be a geophysical
survey vessel.

The tow lines can be wire rope, electrical wire, cable,
polymer rope, hemp rope, or combinations thereof. The tow
lines can be attached to the floating vessel by any suitable
connector, such as cleats.

The diverters can be those made by The Baro Companies,
of Staftord, Tex.

The wire can be wire made by Geometrics, and can have a
plurality of nodes disposed along a length of the wire.

Each node can be a determined point along the length of the
wire. For example, the node can be at a tow point for a
streamer, a location of an in-water sensor, a tow point for a
hydrophone, or any other location along the wire.

The projected coordinates that are determined using the
system can be coordinates, such as x-y coordinates on the
projected coordinate system. The projected coordinate sys-
tem can be a Cartesian coordinate system projected over a
body of water, such as a Universal Transverse Mercator Grid
in the Gulf of Mexico.

The system can be used to determine a projected coordi-
nate for each of the plurality of nodes on the wire.

The system can include at least a pair of first in-water
sensors. Hach {first mn-water sensor can be positioned proxi-
mate to an end of the wire. An example of a first mn-water
sensor 1s a sensor available from PBX Systems, which pro-
vides GPS sensor data.

Each first in-water sensor can be embedded in the wire,
positioned adjacent one of the plurality of nodes on the wire,
proximate to the wire, on a buoy towed from the wire, or
combinations thereof. The buoy can be a floating piece of
foam or the like.

Each first in-water sensor can be deployed to determine the
projected coordinates for a position on the wire.

In one or more embodiments each first in-water sensor can
be a global positioning system sensor; a laser sensor, such as
an MDL Fanbeam type sensor; an acoustic sensor, such as a
Sonardyne type sensor; or combinations thereof.

In one or more embodiments the system can account for
changes 1n the shape of the wire to provide accurate node
locations using the global positioning system sensor, com-
pass headings, and other information. For example, the com-
pass headings can be detected by a 3004 digital compass
made by Spartan Electronics.

The system can include at least a pair of second in-water
sensors. Fach second in-water sensor can be embedded 1n the
wire, attached to the wire, or combinations thereof.

The second m-water sensors can be deployed to provide
azimuths tangential to the wire.

The term “azimuths tangential to the wire” refers to the
bearing of the wire at the node where the second in-water
sensor for determining compass headings 1s attached.

The system can include a processor in communication with
a data storage, each first in-water sensor, and each second
in-water sensor.

The processor can be configured to process in real-time as
the floating vessel traverses over a near surface geological
formation.

Real-time processing can include collecting and process-
ing data from about every 1 second to about every 20 seconds.

A near surface geological formation can be an o1l reservotr,
a gas reservoir, a salt dome, or other geological formations.

In one or more embodiments, instead of or in addition to
processing inreal-time, the processor can perform processing
after the floating vessel has acquired information from all of
the first in-water sensors and all of the second in-water sen-
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sors. For example, the processing can be performed immedi-
ately after all of the sensor mnformation 1s collected or any
time thereafter.

The data storage can be a hard drive, a jump drive, or any
computer readable medium. One or more embodiments of the
data storage can include a dynamic information database,
such as a structured query language (SQL) server database,
for storing data within, such as the sensor information.

A library of nominal values for third, fourth, and/or fifth
order polynomial coelficients can be stored 1n the data stor-
age.
The library of nominal values for third, fourth, and/or fifth
order polynomial coellicients can include nominal values.
The nominal values can be any number.

A lhibrary of known distances along the wire can be stored
in the data storage. The library of known distances along the
wire can include distances from the connection of the wire to
the first tow line to each of the first in-water sensors.

The library of known distances along the wire can include
distances from each first imn-water sensor to each second 1n-
water sensor.

The library of known distances along the wire can include
distances from each node to each other node, or from each
in-water sensor to each node.

The library of known distances along the wire can include
any other known distance along or relative to the wire.

A library of preset limits can be stored 1n the data storage
comprising preset limits. For example, the preset limits can
include a measurement between two nodes, a water depth, a
compass heading, a rate of change in compass heading, or
other measurements.

The data storage can have computer instructions for
istructing the processor to receive sensor information from
cach first in-water sensor and each second in-water sensor.
For example, each first in-water sensor and each second 1n-
water sensor can collect sensor information and can transmit
that sensor information to the processor for storage on the
data storage.

The sensor information can include an azimuth tangential
to the wire, the projected coordinates for a position on the
wire, a water depth of a node, a compass heading of a node, a
global positioning system location of a node, or combinations
thereof.

Each portion of sensor information can include a time
stamp associated with a specific sensor measurement. The
time stamps can identify the time that the sensor measure-
ment was taken and validated.

The data storage can have computer istructions to instruct
the processor to use the projected coordinates from the first
in-water sensors to compute a bearing between the first 1n-
water sensors.

For example, the bearing can be computed by the following
equation: O=arctan((y1-y2)/(x1-x2)), with x1 and y1 being
the projected coordinates of one first in-water sensor, and x2
and t2 being the projected coordinates of another first in-
water sensor.

The data storage can have computer istructions to instruct
the processor to use the bearing with the sensor information
and a {first rotation algorithm to reorient the projected coor-
dinates of all of the first in-water sensors to local x-y coordi-
nates, forming a local x-y coordinate system.

In one or more embodiments the first rotation algorithm
can be used to rotate the projected coordinates to the local
coordinates by a rotation angle 0. For example, the x coordi-
nate of the projected coordinates can be rotated by the fol-
lowing equation: x=E*cos 0+N*sin 0. The y coordinate of the
projected coordinates can be rotated by the following equa-
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tion: y=—E*sin 0+N*cos 0. In the first rotation algorithm
equations above, X 1s the local x coordinate, vy 1s the local vy
coordinate, E 1s the projected easting coordinate, N 1s the
projected northing coordinate, and 0 1s the rotation angle.
The data storage can have computer instructions to instruct
the processor to rotate the azimuth tangential to the wire from
the second 1n-water sensors using the bearing and a second
rotation algorithm to reorient all azimuths tangential to the
wire of all the second in-water sensors into the local x-y

coordinate system.

In one or more embodiments the second rotation algorithm
can be used to rotate the azimuth tangential to the wire into the
local x-y coordinate system by a rotation angle 0. For
example, a rotated azimuth tangential to the wire can be
determined by: A'=A+0. In the second rotation algorithm A'1s
the rotated azimuth, A i1s the measured azimuth, and 9 1s the
rotation angle.

The data storage can have computer mstructions to mnstruct
the processor to construct a third, fourth, and/or fifth order
polynomial algorithm of the wire 1n real-time.

For example, a third order polynomial algorithm of the
wire can be: y=ax’+bx*+cx+d. A fourth order polynomial
algorithm of the wire can be: y=ax*+bx +cx +dx+e. A fifth
order polynomial algorithm of the wire can be: y=ax +bx™*+
cxX”+dx+ex+.

Within the third, fourth, and/or fifth order polynomaial algo-
rithm, X and y can both be coordinates along the wire, and a,
b, ¢, d, e, and 1 can each be coellicients to be solved by a least
squares technique.

For example, survey observations obtained can be the y
coordinate at the head of the wire derived from the global
positioning system sensors and tangential azimuths along the
wire dertved from compass headings of the wire.

The third, fourth, and/or fifth order polynomial algorithm
can provide accurate modeling within about a decimeter 1n
extreme Cross currents.

In benign conditions, the third, fourth, and/or fifth order
polynomial algorithm can provide even more accurate mod-
cling.

The third, fourth, and/or fifth order polynomial algorithm
of the wire can be constructed using the nominal values from
the library of nominal values for third, fourth, and/or fifth
order polynomaial coellicients, the local x-y coordinates of the
first in-water sensors, and at least one distance along the wire
from the library of known distances along the wire.

The data storage can have computer mstructions to mnstruct
the processor to compute an azimuth tangential to the wire at
cach second in-water sensor using the third, fourth, and/or
fifth order polynomial algorithm.

As an example of computing an azimuth tangential using
the third order polynomial algorithm, the equation, y=ax>+
bx”+cx+d, can be used as a third order polynomial definition
of a curve.

The equation, y=ax”+bx~+cx+d, can be differentiated by x,
with a solution of: dy/dx=3ax*+2bx+c, as the slope of the
tangent at X.

The slope of the tangent at X can be converted to an azimuth
using the following equation: 3m/2-arctan(dy/dx).

The data storage can have computer mstructions to mstruct
the processor to compute a difference between the computed
azimuths tangential to the wire with the reorniented azimuths
tangential to the wire from all of the second in-water sensors,
thereby forming a residual.

For example, the difference between the computed azi-
muth tangential and the reoriented azimuths tangential can be
computed by subtracting one from the other.
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The data storage can have computer instructions to instruct
the processor to use the residual with a linear least squares
technique to update the library of nominal values for third,
tourth, and/or fifth order polynomial coelficients.

In the linear least squares technique, the overall solution
can mimmize the sum of the squares of the residuals com-
puted 1n solving every single equation using the third, fourth,
and/or fifth order polynomaal.

A regression model 1s a linear one when the model com-
prises a linear combination of the parameters. The generali-
zation ol the n-dimensional Pythagorean theorem to infinite-
dimensional real inner product spaces 1s known as Parseval’s
identity or Parseval’s equation. Particular examples of such a
representation of a function are the Fourner series and the
generalized Fourier series.

The data storage can have computer istructions to instruct
the processor to construct an updated third, fourth, and/or
fifth order polynomial algorithm of the wire using updated
nominal values from the updated library of nominal values for
third, fourth, and/or fifth order polynomial coellicients, the
local x-y coordinates of the first in-water sensors, and at least
one distance along the wire from the library of known dis-
tances along the wire.

The data storage can have computer instructions to instruct
the processor to compute an updated azimuth tangential to the
wire at each second 1n-water sensor.

The data storage can have computer instructions to instruct
the processor to compute an updated difference between the
computed updated azimuths tangential to the wire with the
reoriented azimuths tangential to the wire from all of the
second in-water sensors until the residual 1s determined to be
within one of the preset limits from the library of preset limits.

The data storage can have computer istructions to instruct
the processor to calculate a pair of local x-y coordinates for at
least one of the plurality of nodes on the wire. For example,
cach pair of local x-y coordinates can be calculated using the
third, fourth, and/or fifth order polynomial algorithms.

The data storage can have computer instructions to instruct
the processor to use the bearing and a third rotation algorithm
to rotate the pair of local x-y coordinates for atleast one of the
plurality of nodes on the wire from the local x-y coordinate
system to the projected coordinate system.

In one or more embodiments the third rotation algorithm
can be used to rotate from the local coordinates to the pro-
jected coordinates by a rotation angle 0. For example, third
rotation algorithm can include: E=x*cos(0)-y*sin(0), and
N=x*s1n(0)+y*cos(0). Within the third rotation algorithm x 1s
the local x coordinate, v 1s the local v coordinate, E 1s the
projected easting coordinate, N 1s the projected northing
coordinate, and 0 1s the rotation angle which 1s the computed
bearing.

One or more embodiments of the system can include a third
in-water sensor on each of the plurality of nodes, each of the
first in-water sensors, and each of the second in-water sen-
sors. Each third in-water sensor can be in communication
with the processor. The third in-water sensors can be depth
sensors that can measure water depths for each of the plurality

of nodes, each of the first in-water sensors, and each of the
second 1n-water sensors, and can transmit the measured water

depths to the processor.

In one or more embodiments, a network can be in commu-
nication with the processor. The network can be satellite
network, a cellular network, the internet, or Ethernet cables
connected between processor and the in-water sensors, the
nodes, or both.
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The data storage can include computer instructions to
instruct the processor to construct a real-time display of the
wire. The real-time display can be a graphical user interface.

In one or more embodiments, the wire can have at least one
streamer. Each streamer can be connected to at least one of the
plurality of nodes. Each streamer can be configured to collect
seismic data, such as a size, depth, or location of a near
surface geological formation. The method and system can
allow for accurate positioning of the at least one streamer.

The computer implemented method can include computer
instructions 1n the data storage to instruct the processor to
identify a location of the at least one streamer 1n real-time
using the real-time display.

The computer implemented method can include computer
instructions in the data storage to instruct the processor to
transmit an alarm when the location of the at least one
streamer moves outside of one of the preset limits in the
library of preset limits associated with one of the plurality of
nodes.

The alarm can be a text message, an email, an audible
alarm, or a flashing light, and can be transmitted to a client
device, another computer on the network, or presented 1n the
real-time display. The alarm can be provided both onboard the
floating vessel and remote to the floating vessel. The client
device can be a mobile phone, a computer, a laptop, a tablet
computer or another similar device.

For example, the library of preset limits can include preset
limits associated with each of the plurality of nodes. When the
location a streamer moves outside of a preset limit for the
node that streamer 1s attached to, the alarm can be transmaitted.

Each streamer can be or include a hydrophone. Each
hydrophone can be connected to at least one of the plurality of
nodes for collecting seismic data of a near surface geological
formation.

The computer implemented method can include computer
instructions 1n the data storage to instruct the processor to
create a trend analysis over time using the third, fourth, and/or
fifth order polynomial algorithm.

The computer implemented method can include computer
instructions in the data storage to instruct the processor to
create a trend analysis event-by-event using the third, fourth,
and/or fifth order polynomial algorithm.

The computer implemented method can include computer
instructions 1n the data storage to instruct the processor to
create a log file.

The log file can contain the local x-y coordinates, the
projected coordinates of the projected coordinate system, or
combinations thereof.

Turming now to the Figures, F1G. 1 depicts an embodiment
ol a computer system for positioning a wire 16. The wire 16
can be connected to, and stretched between, two separated
tow lines, including a first tow line 18a and a second tow line
185.

The tow lines 18a and 1856 can be secured to a floating
vessel 22. Two diverters can be secured to the two tow lines
18a and 185b, including a first diverter 20a and a second
diverter 205.

The tow lines 18a and 185 can each have a length ranging
from about 30 feet to about 500 feet and a diameter ranging
from about %4 of an inch to about 2 inches.

The tow lines 18a and 185 can extend from the floating
vessel 22 at an angle from a centerline of the floating vessel
22, which can range from about 90 degrees to about 180
degrees.

The wire 16 can have a plurality of nodes, such as a first
node 14a, a second node 1454, a third node 14¢, a fourth node
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144, a fifth node 14e, and a sixth node 14/. The wire 16 can
have from about 2 nodes to about 100 nodes.

The wire 16 can have a length ranging from about 50 feet to
about 500 feet and a diameter ranging from about 4 of an inch
to about 2 inches.

One or more streamers can be attached to one or more of
the plurality of nodes 14a-14f. For example a first streamer
116a can be attached to the first node 14a and a second
streamer 11656 can be attached to the second node 145.

The streamers 116a and 1165 can have a length ranging
from about 1 foot to about 500 feet. The streamers 116a and
11656 can collect seismic data of a near surface geological
formation 110, such as a fault.

One or more hydrophones can be attached to one or more of
the plurality of nodes 14a-14f. For example, a first hydro-
phone 1204 can be attached to the third node 14¢ and a second
hydrophone 1205 can be attached to the fourth node 144.

The hydrophones 120a and 12056 can be those made by

Teledyne Instruments, such as a T-2BX hydrophone with an
encapsulated hydrophone sensor element or the like.

The hydrophones 120aq and 1205 can collect seismic data
of the near surface geological formation 110, such as a depth
of the fault, size of the fault, or the like.

The computer system can include one or more first in-water
sensors 24a, 24b, 24¢, and 244 deployed on or proximate the
wire 16.

For example, the first in-water sensor 24a can be deployed
near the first tow line 18a, and can be embedded 1n the wire
16. The first in-water sensor 245 can be positioned proximate
to the second tow line 1854. The first in-water sensor 24¢ can
be towed near the wire 16. The first in-water sensor 24d can be
supported by a buoy 26 towed from the wire 16 and can be
positioned proximate to the wire 16.

The computer system can include one or more second
in-water sensors 28a and 285 deployed on the wire 16. The
second 1n-water sensors 28a and 285 can be deployed to
provide azimuths tangential to the wire 16.

The second 1n-water sensor 28a can be embedded in the
wire 16 at the first node 14a, and the second in-water sensor
28b can be attached to the wire 16 between the second node

145 and the third node 14c.

The computer system can include a processor 32 1n com-
munication with a data storage 34, which can be disposed on
the floating vessel 22.

The processor 32 can be 1n communication with the first
in-water sensors 24a-24d and the second in-water sensors
28a and 285, such as through cables 57a and 575, which can
be Ethernet cables.

The system can also include third in-water sensors, such as
third in-water sensors 29a, 295, and 29¢, which can be 1n
communication with the processor 32 through the cables 57a
and 57b.

The third in-water sensor 29q 1s shown on the fifth node
14¢, the third in-water sensor 295 1s shown on the second
in-water sensor 285, and the third in-water sensor 29c¢ 1s
shown on the first in-water sensor 24c¢. The system can
include any number of {irst in-water sensors, second in-water
sensors, and third in-water sensors disposed at various posi-
tions along the wire 16.

The third mn-water sensors 29a, 296 and 29¢ can be depth
sensors that transmit water depths for each of the plurality of
nodes 14a-14f, each of the first in-water sensors 24a-24d, and
cach of the second in-water sensors 28a and 28b.

A client device 13 can be 1n communication with the pro-
cessor 32, such as through a network 108, for remote moni-
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toring. For example, the client device 13 can receive one or
more alarms 128. The alarms 128 can be flashing lights, an
audible signal, or the like.

In operation, the floating vessel 22 can move along a sur-
face of the water pulling the tow lines 18a and 18b, the wire
16, the streamers 116a and 1165, and the hydrophones 120a
and 1205.

The first in-water sensors 24a-24d, the second in-water
sensors 28a and 285, and the third in-water sensors 29a, 2956
and 29¢ can be disposed above or below the surface of the
water, and can collect sensor information for transmission to
the processor 32 via the cables 57a and 575.

The processor 32 can recerve the sensor information, store
the sensor information in the data storage 34, and utilize
various computer instructions in the data storage 34 to per-
form calculations on the sensor information for positioning
the plurality of nodes 14a-14f of the wire 16.

The processor 32 can utilize computer 1nstructions and
data stored 1n the data storage 34 to perform various calcula-
tions, as described herein, to determine a position of the wire
16, a direction of the wire 16, and a velocity of the wire 16.

FIG. 2A depicts an embodiment of a local x-y coordinate
system 64 with a position of the wire 16 plotted thereon.

The local x-y coordinate system 64 can be presented, such
as on a display device or monitor in communication with the
processor, as a portion of the real-time display.

The y-axis and x-axi1s both represent spatial measurements,
such as 1n meters, of positions within the local x-y coordinate
system 64.

On the plot of the wire 16, the position of the first in-water
sensors 24a and 24b and the position of the second in-water
sensor 28¢ are shown. For example, the local x-y coordinates
62a and 625) associated with the second in-water sensor 28¢
are shown plotted in the local x-y coordinate system 64.

A computed bearing 58 between the first in-water sensor
24a and the first in-water sensor 24b can be depicted on the
local x-y coordinate system 64.

An azimuth 30 tangential to the wire 16 can also be
depicted on the local x-y coordinate system 64.

FIG. 2B depicts an embodiment of a projected coordinate
system 12 with a position of the wire 16 plotted thereon.

The projected coordinate system 12 can be presented, such
as on the display device or monitor 1n communication with
the processor, as a portion of the real-time display.

In the depicted projected coordinate system 12, the y-axis
represents spatial measurements 1n a northing coordinate of
the projected coordinate system 12, and the x-axis represents
spatial measurements 1n an easting coordinate of the pro-
jected coordinate system 12.

The origin of the projected coordinate system 12 can be
determined using the projected coordinates from at least one
of the first in-water sensors 24q and 245. For example, the first
in-water sensor 24a can have projected coordinates 10a and
106 associated therewith and plotted within the projected
coordinate system 12.

The computed bearing 58 between the first in-water sensor
24a and the first in-water sensor 245 can be depicted within
the projected coordinate system 12.

The azimuth 30 tangential to the wire 16 from the second
in-water sensor 28¢ can also be depicted within the projected
coordinate system 12.

A representation of the local x-y coordinate system 64 can
be depicted within the projected coordinate system 12 to
show the relationship between the local x-y coordinate sys-
tem 64 and the projected coordinate system 12.
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FIG. 3A depicts an embodiment of the trend analysis over
time 132 and FIG. 3B depicts an embodiment of a trend
analysis event-by-event 136.

For example, a distance between two nodes of the plurality
of nodes on the wire can be plotted with respect to time, such
as 1n seconds, to form the trend analysis over time 132.

A distance between two nodes of the plurality of nodes on
the wire can be plotted with respect to events to form the trend
analysis event-by-event 136. For example, an event can be the
release of seismic energy. The events can be sequential.

FI1G. 4 depicts an embodiment of the log file 140. The log
file 140 can be created by tabulating various portions of data
and sensor information within the data storage.

For example, the log file 140 can include a first column
143a showing various nodes of the plurality of nodes, such as
the first node 144 1n a first row of the log file 140, the second
node 145 1n a second row of the log file 140, and the third node
14c¢ 1n a third row of the log file 140.

The log file 140 can include a second column 1435 show-
ing the local x-coordinate of the local x-y coordinates that are
associated with the node 1n that particular row of the log file
140. For example, the local x-coordinate 62a can be 3 for the
first node 14a, the local x-coordinate 62¢ can be 4 for the
second node 145, and the local x-coordinate 62¢ can be 5 for
the third node 14c.

The log file 140 can include a third column 143¢ showing
the local y-coordinate of the local x-y coordinates that are
associated with the node 1n that particular row of the log file
140. For example, the local y-coordinate 6256 can be 7 for the
first node 14a, the local y-coordinate 624 can be 8 for the
second node 145, and the local y-coordinate 62f can be 9 1o
the third node 14c.

The log file 140 can include a fourth column 1434 showing
the projected x-coordinate of the projected coordinates that
are associated with the node 1n that particular row of the log
file 140. For example, the projected x-coordinate 10a can be
10000 for the first node 14a, the projected x-coordinate 10c¢
can be 10001 for the second node 145, and the projected
x-coordinate 10e can be 10002 for the third node 14c.

The log file 140 can include a fifth column 143e showing
the projected y-coordinate of the projected coordinates that
are associated with the node 1n that particular row of the log
file 140. For example, the projected y-coordinate 105 can be
11001 for the first node 14a, the projected y-coordinate 104
can be 11002 for the second node 145, and the projected
y-coordinate 10/ can be 11003 for the third node 14c.

The log file 140 can include a sixth column 143/ showing
events associated with the nodes 1n the first column 143a. For
example, a first event 1194 can be associated with the first
node 14a, a second event 1195 can be associated with the
second node 1454, and a third event 119¢ can be associated
with the third node 14c.

The log file 140 can 1include a seventh column 143g show-
ing a time stamp associated with each event. For example, a
time stamp 142a, which can be 1:01 pm for example, can be
associated with the first event 1194. A time stamp 1425,
which can be 1:02 pm for example, can be associated with the
second event 119b. A time stamp 142¢, which can be 1:03 pm
for example, can be associated with third event 119c.

FIG. 5 depicts an embodiment of a portion of the real-time
display 114.

The real-time display 114 can present a plot 113 of the wire
16. The real-time display 114 can present a depth profile 117
for the wire 16 and the streamers 116.

The depth profile 117 can be a plot of the water depths 315
of the wire 16 and the streamers 116 with respect to events
119.
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The real-time display 114 can present a depiction of node
separations 121 showing the distance between nodes along
the wire 16.

The real-time display 114 can present compass data 123,
such as compass headings of the second in-water sensors.

The real-time display 114 can present water depth data,
such as water depths 31a of the first in-water sensors, the
second in-water sensors, the streamers 116, the plurality of
nodes, and/or the wire 16.

The real-time display 114 can present network solution
data 125, such as polynomial coellicients. For example, the
polynomial coetlicient Ax, which 1s equal to 0.01, 1s shown
along with other polynomaial coetficients.

The real-time display 114 can present event information
127, such as an event number, here shown as 00002131, a
date, and a time.

FIGS. 6 A-6D depict an embodiment of the data storage 34.

The data storage 34 can include the library of nominal
values for third, fourth, or fifth order polynomial coetlicients
36 with nominal values 37 stored therein.

The data storage 34 can include the library of known dis-
tances along the wire 38 having at least one distance 39 along
the wire, distances to each first in-water sensor 40, distances
to each second in-water sensor 42, distances to each node of
the plurality of nodes 44, and distances to desired locations
along the wire 46.

The data storage 34 can include the library of preset limits
48 with preset limits 50.

The data storage 34 can include computer instructions for
instructing the processor to receive sensor information from
cach first in-water sensor and each second in-water sensor 52.

The sensor information 34 can be stored 1n the data storage
34 with a time stamp 142, and can include an azimuth 30q
tangential to the wire, and the projected coordinates 10 for a
position on the wire.

The data storage 34 can include computer instructions to
instruct the processor to use the projected coordinates from
the first in-water sensors to compute a bearing between the
first 1n-water sensors, and then to use the bearing with the
sensor information and a first rotation algorithm to reorient
the projected coordinates of all of the first in-water sensors to
local x-y coordinates, forming a local x-y coordinate system
56.

The bearing 38 can be stored 1n the data storage 34.

Also the first rotation algorithm 60a, a second rotation
algorithm 6056, and a third rotation algorithm 60c can be
stored 1n the data storage 34.

The data storage 34 can include the local x-y coordinates
62 1n the local x-y coordinate system 64 stored therein.

The data storage 34 can include computer instructions to
instruct the processor to rotate the azimuth tangential to the
wire from each second in-water sensor using the bearing and
the second rotation algorithm to reorient all azimuths tangen-
t1al to the wire into the local x-y coordinate system 66.

The data storage 34 can include computer instructions to
instruct the processor to construct a third, fourth, or fifth order
polynomial algorithm of the wire 1n real-time using nominal
values from the library of nominal values for third, fourth, or
fifth order polynomial coefficients, the local x-y coordinates
of the first in-water sensors, and at least one distance along the
wire Irom the library of known distances along the wire 70.

The third, fourth, or fifth order polynomial algorithm 72
can be stored in the data storage 34.

The data storage 34 can include computer instructions to
instruct the processor to compute an azimuth tangential to the
wire at each second 1n-water sensor using the third, fourth, or
fifth order polynomial algorithm 74.
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The computed azimuth 305 can be stored 1n the data stor-
age 34.

The data storage 34 can include computer mstructions to
instruct the processor to compute a difference between the
computed azimuth tangential to the wire with the reoriented
azimuths tangential to the wire to form a residual 76.

The residual 78 can be stored 1n the data storage 34.

The data storage 34 can include computer mstructions to
instruct the processor to use the residual with a least squares
technique to update the library of nominal values for third,
tourth, or fifth order polynomial coetlicients 80.

The linear least squares technique 82 can be stored in the
data storage 34.

The data storage 34 can include computer nstructions to
instruct the processor to construct an updated third, fourth, or
fifth order polynomial algorithm of the wire using updated
nominal values from the updated library of nominal values for
third, fourth, or fifth order polynomaial coetlicients, the local
x-y coordinates of the first in-water sensors, and at least one
distance along the wire from the library of known distances
along the wire 84.

The updated third, fourth, or fifth order polynomaial algo-
rithm 86 can be stored in the data storage 34.

The data storage 34 can include computer mstructions to
instruct the processor to compute an updated azimuth tangen-
tial to the wire at each second 1n-water sensor 88.

The updated azimuth 30¢ can be stored 1n the data storage
34.

The data storage 34 can include computer nstructions to
istruct the processor to compute an updated difference
between the computed updated azimuth tangential to the wire
and the reoriented azimuth tangential to the wire until the
residual 1s within one of the preset limits from the library of
preset limits 90.

The data storage 34 can include computer mstructions to
instruct the processor to calculate a pair of local x-y coordi-
nates for at least one of the plurality of nodes on the wire 92.

The calculated pair of local x-y coordinates 63a and 635
can be stored in the data storage 34.

The data storage 34 can include computer nstructions to
instruct the processor to use the bearing and the third rotation
algorithm to rotate the pair of local x-y coordinates for at least
one of the plurality of nodes on the wire from the local x-y
coordinate system to the projected coordinate system 93.

The data storage 34 can have computer instructions to
instruct the processor to construct a real-time display of the
wire 112.

The data storage 34 can have computer instructions to
instruct the processor to 1dentify a location of the at least one
streamer 1n real-time using the real-time display 122.

The location of the at least one streamer 124 can be stored
in the data storage 34.

The data storage 34 can have computer instructions to
instruct the processor to transmit an alarm when the location
ol the at least one streamer moves outside of one of the preset
limits in the library of preset associated with one of the
plurality of nodes 126.

The data storage 34 can have computer instructions to
instruct the processor to create a trend analysis over time
using the third, fourth, or fifth order polynomial algorithm
130.

The data storage 34 can have computer instructions to
instruct the processor to create a trend analysis event-by-
event using the third, fourth, or fifth order polynomial algo-
rithm 134.

The data storage 34 can have computer instructions to
instruct the processor to create a log file containing the local
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Xx-y coordinates, the projected coordinates of the projected
coordinate system, or combinations thereof 138.

The data storage 34 can have computer instructions to
instruct the processor to process in real-time as the floating
vessel traverses over a near surface geological formation 144,
and computer mstructions to instruct the processor to process
alter the floating vessel has acquired information from all of
the first in-water sensors and all of the second in-water sen-

sors 146.

The data storage 34 can have computer instructions to
identify a location of the at least one hydrophone in real-time
using the real-time display 148, and computer instructions to
transmit an alarm when the location of the at least one hydro-
phone moves outside of one of the preset limits in the library
of preset limits associated with one of the plurality of nodes
150.

The data storage 34 can have computer instructions to form
a library of nominal values for third, fourth, or fifth order
polynomial coefficients 152, computer mstructions to form a
library of known distances along the wire 154, and computer
instructions to form a library of preset limits comprising
preset limits 156.

The data storage 34 can have computer instructions to use
the water depth for each of the plurality of nodes to modity the
library of known distances 160.

FIGS. 7A-7D depict an embodiment of a computer imple-
mented method for determining projected coordinates 1n a
projected coordinate system for at least one node on a wire
having a plurality of nodes.

The method can 1nclude securing two separated tow lines
to a floating vessel, as 1llustrated by box 700.

The method can include deploying the wire between the
two separated tow lines, as illustrated by box 702.

The method can include installing at least a pair of first
in-water sensors on the wire and positioning each first in-
water sensor proximate to an end of the wire, as illustrated by
box 703.

The method can include embedding one or more first 1n-
water sensors in the wire, positioming one or more first in-
water sensors adjacent one of the plurality of nodes, position-
ing one or more first in-water sensors proximate to the wire,

positioning one or more first in-water sensors on a buoy towed
from the wire, or combinations thereot, as illustrated by box
704.

The method can 1include determining an absolute position
for each mn-water sensor and each of the plurality of nodes, or
determining a specific distance on the wire using global posi-
tioning system sensors, laser sensors, acoustic sensors, or
combinations thereof as the first in-water sensors, as 1llus-
trated by box 705.

The method can include using the pair of first in-water
sensors to collect and transmit first sensor information to a
processor in communication with a data storage, as 1llustrated
by box 706.

The method can include using the processor and the first
sensor information to determine projected coordinates for a
position on the wire, as 1llustrated by box 707.

The method can include computing the projected coordi-
nates in real-time as the tloating vessel traverses over a near
surface geological formation, as 1llustrated by box 708.

The method can include installing at least a pair of second
in-water sensors on the wire by embedding the second 1n-
water sensors 1n the wire, attaching the second 1in-water sen-
sors to the wire, or combinations thereot, as 1llustrated by box

709.
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The method can 1nclude using the second in-water sensors
to collect and transmit second sensor information to the pro-
cessor, as 1llustrated by box 710.

The method can include receiving a time stamp with the
sensor information, as illustrated by box 711.

The method can include using the processor, the second
sensor mformation, and an algorithm for computing azimuth
tangents to compute a first azimuth tangential to the wire for
cach second 1mn-water sensor, as illustrated by box 712.

The method can include loading a library of nominal values
for third, fourth, or fifth order polynomial coefficients, a
library of known distances along the wire, and a library of
preset limits into the data storage, as illustrated by box 713.

The method can include using the projected coordinates
from the first in-water sensors and a bearing equation to
compute a bearing between the first in-water sensors, as 1llus-
trated by box 714.

The method can include using the bearing, the first sensor
information, the second sensor information, and a first rota-
tion algorithm to reorient the projected coordinates of the first
in-water sensors to local x-y coordinates, forming a local x-y
coordinate system, as illustrated by box 715.

The method can include using a second rotation algorithm
and the bearing to rotate the azimuths tangential to the wire
from the second in-water sensors to reoriented azimuths tan-
gential to the wire 1nto the local x-y coordinate system, as
illustrated by box 716.

The method can include constructing a third, fourth, or fifth
order polynomial algorithm of the wire 1n real-time using
nominal values, the local x-y coordinates of the first in-water
sensors, and at least one distance along the wire, as illustrated
by box 717.

The method can 1include computing a second azimuth tan-
gential to the wire at each second in-water sensor using the
third, fourth, or fifth order polynomial algorithm, as illus-
trated by box 718.

The method can 1include computing a difference between
the computed second azimuths tangential to the wire with the
reoriented azimuths tangential to the wire, thereby forming a
residual, as illustrated by box 719.

The method can include using the residual with a least
squares technique to update the library of nominal values for
third, fourth, or fifth order polynomial coeflicients, as 1llus-
trated by box 720.

The method can include constructing an updated third,
fourth, or fifth order polynomial algorithm of the wire using
updated nominal values, the local x-y coordinates of the first
in-water sensors, and at least one distance along the wire, as
illustrated by box 721.

The method can include computing an updated azimuth
tangential to the wire at each second in-water sensor, as
illustrated by box 722.

The method can include computing an updated difference
between the computed second azimuths tangential to the wire
with the reoriented azimuths tangential to the wire until the
residual 1s within a preset limait, as 1llustrated by box 723.

The method can include calculating a pair of local x-y
coordinates for at least one of the plurality of nodes on the
wire, as illustrated by box 724.

The method can include using the bearing and a third
rotation algorithm to rotate the pair of local x-y coordinates
from the local x-y coordinate system to the projected x, y
coordinate system, as illustrated by box 725.

The method can include installing a third in-water sensor as
a depth sensor on each of the plurality of nodes, each of the
first in-water sensors, and each of the second in-water sen-
sors, as 1llustrated by box 726.
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The method can include providing communication
between each third in-water sensor and the processor, as
illustrated by box 727.

The method can include transmitting a water depth to the
processor from each third in-water sensor for each of the
plurality of nodes, each of the first in-water sensors, and each
of the second 1n-water sensors, as 1llustrated by box 728.

The method can include using the water depths for each of
the plurality of nodes to modify the library of known dis-
tances along the wire, as 1llustrated by box 729.

The method can 1include connecting the processor with a
network for communication to a client device remote to the
processor, as 1llustrated by box 730.

The method can include constructing a real-time display of
the wire that 1s updated at least every one minute, as 1llus-
trated by box 731.

The method can include attaching at least one streamer to
at least one of the plurality of nodes for collecting seismic
data of the near surface geological formation, as illustrated by
box 732.

The method can include 1dentifying a location of the at
least one streamer 1n-real time using the real-time display, and
transmitting an alarm when the location of the at least one
streamer moves outside of the preset limits associated with
one of the plurality of nodes, as 1llustrated by box 733.

The method can include connecting at least one hydro-
phone to at least one of the plurality of nodes for collecting
seismic data of the near surface geological formation, as
illustrated by box 734.

The method can include creating a trend analysis over time
using the third, fourth, or fifth order polynomial algorithm, as
illustrated by box 735.

The method can include creating a trend analysis event-by-
event using the third, fourth, or fifth order polynomial algo-
rithm, as illustrated by box 736.

The method can include creating a log file containing the
local x-y coordinates, the projected coordinates of the pro-
jected x-y coordinate system, or combinations thereotf, as
illustrated by box 737.

While these embodiments have been described with
emphasis on the embodiments, it should be understood that
within the scope of the appended claims, the embodiments
might be practiced other than as specifically described herein.

What 1s claimed 1s:

1. A computer implemented method for determining pro-
jected coordinates 1n a projected coordinate system for at
least one node on a wire having a plurality of nodes, the
computer implemented method comprising:

a. securing two separated tow lines to a floating vessel,

wherein each tow line has a diverter;

b. deploying the wire between the two separated tow lines;

c. mnstalling at least a pair of first in-water sensors on the
wire for determining the projected coordinates for a
positioning on the wire, wherein each first in-water sen-
SOT 1S:

(1) embedded 1n the wire;

(11) positioned adjacent or on one of the plurality of
nodes on the wire;

(1) proximate to the wire;

(1v) on a buoy towed from the wire; or

(v) combinations thereof;

d. using the pair of first in-water sensors to transmit first
sensor information to a processor 1 communication
with a data storage;

¢. using the processor and the first sensor information to
determine the projected coordinates for the position on
the wire;
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f. installing at least a pair of second in-water sensors on the
wire, wherein each second 1n-water sensor 1s:

(1) embedded 1n the wire;

(11) attached to the wire; or

(111) combinations thereof;

g. using the second 1n-water sensors to transmit second
sensor information to the processor;

h. using the processor, the second sensor information, and
an algorithm for computing azimuths to compute a first
azimuth tangential to the wire for each second in-water
Sensor;

1. loading a library of nominal values for third, fourth, or
fifth order polynomial coetlicients, a library of known
distances along the wire, and a library of preset limaits
into the data storage, wherein the library of known dis-
tances along the wire comprises:

(1) distances to each {irst in-water sensor;

(11) distances to each second 1n-water sensor;

(111) distances to each of the plurality of nodes;

(1v) distances to a location along the wire; or

(v) combinations thereof;

1. using the projected coordinates from the first in-water
sensors and a bearing equation to compute a bearing
between the first in-water sensors;

k. using the bearing, the first sensor information, the sec-
ond sensor information, and a first rotation algorithm to
reorient the projected coordinates of the first in-water
sensors to local x-y coordinates, forming a local x-y
coordinate system;

l. using a second rotation algorithm and the bearing to
rotate the azimuths tangential to the wire from the sec-
ond 1n-water sensors to reoriented azimuths tangential to
the wire into the local x-y coordinate system;

m. using the processor to construct a third, fourth, or fifth
order polynomial algorithm of the wire in using:

(1) nominal values from the library of nominal values for
the third, fourth, or fifth order polynomial coeili-
cients;

(11) the local x-y coordinates of the first in-water sensors;
and

(1) at least one distance along the wire from the library
of known distances along the wire;

n. using the processor to compute a second azimuth tan-
gential to the wire at each second 1n-water sensor using
the third, fourth, or fifth order polynomaial algorithm;

0. using the processor to compute a difference between the
computed second azimuths tangential to the wire with
the reoriented azimuths tangential to the wire, thereby
forming a residual;

p. updating the library of nominal values for third, fourth,
or fifth order polynomial coellicients by using the pro-
cessor to perform a least squares technique using the
residual;

g. constructing an updated third, fourth, or fifth order poly-
nomial algorithm of the wire using the processor,
wherein the processor uses:

(1) updated nominal values from the library of nominal
values for third, fourth, or fifth order polynomial coet-
ficients;

(11) the local x-y coordinates of the first in-water sensors;
and

(1) at least one distance along the wire from the library
of known distances along the wire;

r. using the processor to compute an updated azimuth tan-
gential to the wire at each second 1n-water sensor;

s. using the processor to compute an updated difference
between the computed second azimuths tangential to the
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wire with the reoriented azimuths tangential to the wire
until the residual 1s within a preset limit of the library of
preset limits;

t. using the processor to calculate a pair of local x-y coor-
dinates for at least one of the plurality of nodes on the
wire; and

u. using the processor, the bearing, and a third rotation
algorithm to rotate the pair of local x-y coordinates from
the local x-y coordinate system to the projected x-y

coordinate system.

2. The computer implemented method of claim 1, further
comprising:

a. installing a third 1n-water sensor on each of the plurality
of nodes, each of the first in-water sensors, and each of
the second 1n-water sensors, wherein each third in-water
sensor 1s 1 communication with the processor, and
wherein each third in-water sensor 1s a depth sensor; and

b. transmitting a water depth to the processor from each
third in-water sensor for each of the plurality of nodes,
each of the first in-water sensors, and each of the second
In-water sensors.

3. The computer implemented method of claim 2, further
comprising using the water depths for each of the plurality of
nodes to modity the library of known distances along the
wire.

4. The computer implemented method of claim 1, turther
comprising determining the position on the wire using the
first in-water sensors, wherein the first in-water sensors are:

a. global positioning system sensors;

b. laser sensors:

C. acoustic sensors; or

d. combinations thereof.

5. The computer implemented method of claim 1, further
connecting the processor with a network for communication
to a client device remote to the processor.

6. The computer implemented method of claim 1, further
comprising computing the projected coordinates in real-time
as the floating vessel traverses over a near surface geological
formation.

7. The computer implemented method of claim 1, turther
comprising constructing a real-time display of the wire.

8. The computer implemented method of claim 7, wherein
the real-time display further comprises: a depth profile of the
wire and streamers on the wire, separations between nodes of
the plurality of nodes, compass data, depth data, the polyno-
mial coefficients, event information, or combinations thereof.

9. The computer implemented method of claim 7, wherein
the wire comprises at least one streamer connected to at least
one of the plurality of nodes, at least one hydrophone con-
nected to at least one of the plurality of nodes, or combina-
tions thereof for collecting seismic data of a near surface
geological formation.

10. The computer implemented method of claim 9, further
comprising identifying a location of one of the streamers, one
of the hydrophones, or combinations thereof in-real time
using the real-time display, and transmitting an alarm when
one of the identified locations moves outside of one of the
preset limits.

11. The computer implemented method of claim 1,
wherein the wire comprises a seismic hydrophone array dis-
posed thereon.

12. The computer implemented method of claim 1, further
comprising creating a trend analysis over time using the third,
tourth, or fifth order polynomaial algorithm, wherein the trend
analysis over time 1s a plot of distances between nodes of the
plurality of node versus time.




US 8,086,408 Bl

19

13. The computer implemented method of claim 1, further
comprising creating a trend analysis event-by-event using the
third, fourth, or fifth order polynomial algorithm, wherein the
trend analysis event-by-event 1s a plot of distances between
nodes of the plurality of node versus events.

14. The computer implemented method of claim 1, further
comprising using the processor to create a log file containing:
the local x-y coordinates, the projected coordinates of the
projected coordinate system, events, time stamps, or combi-
nations thereof.

15. The computer implemented method of claim 1, further
comprising receiving a time stamp with the sensor informa-
tion.

16. A computer implemented method for determining pro-
jected coordinates 1n a projected coordinate system for at
least one node on a wire having a plurality of nodes, wherein
the computer implemented method comprises executing the
following steps by a processor:

a. determining projected coordinates for positions for sen-

sors of a first plurality of in-water sensors on a wire from
a plurality of a first sensor information sent from the first

plurality of sensors;
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b. computing a first azzmuth tangential {from a plurality of
second sensor information sent from a second plurality
of 1-water sensors on the wire, and an algorithm for
computing azimuths;

c. computing a bearing between the first plurality of first
in-water sensors using the projected coordinates and a
bearing equation;

d. reorienting the projected coordinates of the first in-water
sensors to local x-y coordinates, forming a local x-y
coordinate system;

¢. reorienting the azimuths tangential to the wire 1nto the
local x-y coordinate system; and

f. constructing a third, fourth, or fifth order polynomial
algorithm of the wire 1n using:

(1) nominal values from a library of nominal values for
the third, fourth, or fifth order polynomial coeili-
clents:

(11) the local x-y coordinates of the first plurality of
in-water sensors; and

(111) at least one distance along the wire from a library of
known distances along the wire.

G o e = x
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